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FIEMZ&E HNMO301 £ EEAN T REHEE
HEREEELEMEE

OB MW ARG B AT,

AL HAALT, £
(1. MR R A An e Re, RS 110 570228 FhE; 2. RGO BRI PF L BRI T i R
BLLGGIF IR =I5 R B S0 28, VR T 571101 vhE; 3. ) YRR KA Ak T2k /phrs
A2 5 TR ] G R 2 o S 30 8 ROR A 0 ARt o SR FH ) P8 e A AR5 o, )7 BT 530006 H1 5
4. MFEE AR AARERE, TR 1 H 570228 HE)

B OE. N TR ST IR A FEAN 2SR B (Fusarium oxysporum f. sp. cubense tropical race 4, Foc TR4) H I
TR PR B RAR T, AR g 38 i 4= FE R 4791 43 B % LA 4T Foe TR4 & PR YRR 1A HNMO301 #E4 7K
TR ISR, SR antiSMASH v6.0 184 54Xt FLZmAD B vk AR ™= 95 e PR et A 7 T, 1) T BRA R 4%
T 5 B S T BN LT Foe TR4 BYTE M MU AT-HEA T4 B FNEE M S8 . 25 R 3R WT: TRIAR HNMO301 # 2%E =
MV 5 25 14 (Streptomyces sanyensis ), HoIEF 4K 6 635 340 bp, A 5 859 8 FH Bigifid L A (CDS), Hir
2137, 1243 F14 297 4~ CDS 43 3I#E GO. KEGG Fl COG 4 FE 15 2| Dy g i B¢ 76 3L 4 rh i 21 27 4Nk
BRI N IE N, Horb Cluster 16 54 £ #4174 2 (staurosporine ) &8 AY 14 NIEH; METE HNMO0301 & B
TSR] T — N2 A AR A, HA Foe TR4 ) MIC 4 1.56 pg-mL !, XF Foc TR4 434 fil i 4 (1410
TilZh 85.4%, J-FE( Foc TR4 THLZIZNK .. BiE . TRtk HNMO301 AEHUEAEAN A [ HA —E T &I )
KB TR I RN A AR EAEER
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7 A5 (Musa spp.) 2 [ H ZE p AFK R 2
—, T AR N 5 ) A M ™ N T 2
— SAUGRTIE LAY 4 S/ NP (Fusarium oxy-
sporum f. sp. cubense tropical race 4, Foc TR4)J& 5|
AL IZ0 35 1 3 e S A, X A A M i B K
fio % HAELAFE ] . Foc TR4 943 2L 1607 HAT
AP, 78 IR IREE TP AT B4R, W] LU
BLBHEE « BEBE . AR T % 55 J7 R HAL FE 0
Foc TR4 R YA FEAFAR Y ARG IR, B & B 4E 8 R
MLV, PPtk ke 5 A0 P07 T Bt i, 3
G RYB A I EEMELLZZ 30, A AR LB it Al
138 B O A o e IR A S A 220 1 A RO R, (B
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JR AR LR HNMO301 2 DRI 28 9347 B H BT 2 AN 280 B AL S 0 56 52 971

YEFIBILE, 2 H A7 2 AL 22005 B IR A58 i #A
VLA RGBT A Tl A A5 R85 43 15 i 4k 11 X Foc
TR4 HLAG 35 90 ) 35 4 1 2 B BT, A6 AR TR 1
AT Y, SRR BRI (0 e R R
P S YR S0 A T R AR R B A AR
B B R . {HA5 5% Foc TR4 A= Bl B = A= 1)
W PE R A S A A B AR LA — R R
YU LR 25 A 0 PR G I TR AE R (S S
HNMO0301) 2k B 55 %t 42, i oof B & Rk . 16S
rRNA FEH P2 | 234751 i T e
Ay A A, 38 2o 56 PR 4 47 40 T vk 7 9 Yk 9
PG L R, 38 2 R AR 7= W 53 5 B ik i b
Yoo FOTE M o S5 R, DF T 45 T R A A 20
M B R B

1 MBERE

11 # #

L1l ZE®EH  Ek HNMO301 4355 [ M A
FEUE LI AR A SR ORI X LA AE 165 5% (Sonneratia
caseolaris) R x + 3, TR 5~ 10 cm, &4 N
(20°0'84.71" N, 110°60'12.73" E) , 347 T 5L 5 =
—80 °C VKFf; K e Rl 970 1 (Neoscytaldium dimi-
diatum) . 3% % 2 J& % & (Ceratocystis paradoxa) .
K e B SR B (Bipolaris cactivora) . T i F-PEiR
i (Alternaria solani) . T AL ZENR 1 (Fusarium ox-
ysporum f. sp. Cubense tropical race 4) . 5L 5.t 25
95 B (F. oxysporum Schl. F. sp. Tracheiphlium) . M\
IR7e i (Nectria citri) . /N7 75559 8 (F. graminea-
rum ) SERE ) i B T ER P R RO R B Y
A= IR ) 1 T 4 R 24 B I R AR P ko 5 )
FHHE SSC R = Rt

112 3#HE FEMS B35 Ok 150 ¢, H
i 20.0 g, BARES 0.4 g, BREREE 0.4 g, A ALHN 30.0 g,
7KK 1 L, pH7.0; ISP2 [E A5 IR 5 #iZbE 4 ¢,
BERETY 4 g, A2 2FR M 10.0 g, Bl 15.0 g, Z&IK 1L,
pH7.0; PDA 53 5: + 5 200.0 g, &4 ## 20.0 g,
Bilig 15.0 g, Z818/K 1 L, pH7.0,

12 7 &

1.2.1 B4k HNMO301 PAR bk o i 8 78 MR Ay
it P O IRe 3% 35 16 A7 7R R HNMO0301 9 400
JE LRSI . B BT RR HNMO301 £E ISP2 [ f&
iR AL BG4k, 28 °C #5355 5 d, HIATALART LA

% 6 mm U B R DF, Wi 7E PDA AR 37 3 o0
B LR 4 A m45 2.5 em 4b K557 5 d. FHT
FLAHTFLICE S 6 mm Hi BB B D, Wife FAicrh
O o HEEAR R 925 11 PDA B AR K 57 34
Xt B, RSN BRE AT 3 UK, 155% 5 d e, I
HFMENAERER KRR A

MR (%) =it FRAL RIS EAZ — I HRA B V5 BAR )

Xif HEZH BT V% ELA% % 100,

1.2.2 HE#k HNMO0301 3R B F0-F LK Rk
HNMO301 $Fh#F 1SP2 3597 3 |, 28 C #55% 7 d,
FH it 351 0 910 BB 7 30 2% 1 B 24 (5 mm x5 mm),
REdlEBE. HUMMHE 2 & TR 55
2.5% M E TR 4 h [E5E, FEA 0.1 M B BERR
G2 (PBS) M1k 4 K, H:4K 20 min, F LK
W 4% R 2k P (AR 23 50 AR B 1 3B I K
30%. 50% i 7K 2 7K, 70%. 90% M 7K 1%, 100%
7K 2 W, BER 10 min, AR /K 58 B KRR R I
TERCT EEH 15 ming ARG A s TG
714, w40, FEH A B 7 B 8% (scanning
electron microscope, SEM) WALl F22IE3 .
123 E# HNMO301 2 X Bty MR ik
HNMO301 il 77 3R 15 i) 4= 356 P o 48 e 4 K 168
RNA K JF4, £ Ezbiocloud EHE 2 3E17 )% 41 %f
e, RN MAGAVILO MEERZE L BW. &
ZHE 16S rRNA JK-F FBYAHBIE R, L NCBI H T
AR R AR 1 4 FE R 4 7 51, 3l 3 Type Strain
Genome Server 4 & 4> FL R 41 1Y R 40 & & W Ik
1740 DNA-DNA %%%Z (digital DNA-DNA hybri-
dization, dDDH) 43 # . il i 78 £k W uf (http:/
www.ezbiocloud.net/sw/oat) tLA F i HNMO0301 5
FG R RGP 23N, TR TR —
FH(M: (average nucleotide identity, ANI) .
1.2.4 E4k HNMO301 4 3 B 48 %) 5 B 438 5 HF
4 T Pk HNMO301 42 Fh 2] ISP2 i35 52 3, 78
28 °C, 180 rmin' 2 T HEFE 4 d, B0 5 LIHW,
ARBCE A, TR AEBEI IR . 2% 2 il E 5 A4
Y18 F UEFT DNA BEBURI 4 FE Rl e T A, il
A PacBio Sequel Il 1 Illumina NovaSeq 6000 Il ¥
B AT AR Wy, IFR A i Bl AT AR
Y5 B2 008, e A 384 B 3635 A = o°F
£ (http://cloud.majorbio.com) F 34T, RAHEL M
¥l antiSMASH v6.0 (http://antismash.secondarymeta-
bolites.org) I B Fk HNMO301 () ¥ 2 AR5 AE 4
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& B3 [H % (biosynthetic gene cluster, BGC)™, i
i NCBI(https://www.ncbi.nlm.nih.gov) #47 stauro-
sporine & WL 7 ) FE X
1.2.5 #4k HNMO301 E R B YR &
Pk HNMO0301 7£ FEMS ¥ A 15 32 56 v & % (30 L)
G5HG, BIF R, 1 RFERTTINA 10 L LR
T, 2888 PH R AR AR A T TR A A LA AR, R 3 3K,
B I TR TR, W AR 5 15 B TR TR K R
P1(196.0 g) . LT CBREEHUY) 20080 Ak AT i,
DA A itk — S 05 R0 S0 — P I Sy 3 A R B2 R
5930 13 Ny (Fr.l ~Fr.13) . Fr.8(20.1 )4 RP-18
FEEIE, DL BE—7K 6 BE RS 2 21 N3t 453 (Fr.8-
1~ Fr.8-21), Fr.8-16(552.7 mg)Zfik e A% (0, 1% 43
B, LLATHEE - Ol (AR 120 1~ 5 D
TTRR BEVRII 43 545 12 DU Horp Fr.8-16-7(105.7
mg) %t Sephadex LH-20 Bttt (3%, LU (7 -H
Vs V=1 ¢ 1) S FP s ZE PN RGeS,
PLZNE-TRIKRGE (Vg Vig k=35 : 56) H L 5h
A, 28 B RO 575 (HPLC-CLS ) ¥ il £ 43 25 193]
A9 1 (tR8.9 min, 3.8 mg) .
1.2.6 Z 7% %3 Foc TR4 &3 %| & MIC 4R
& ¥4 Foc TR4 W ¥ 537l #5F0 T PDA $5 55 KLl
TN LA TR 2 BTV B2 O 20 pg-mL ! ) PDA 3%
FRIErp, 5595 5 d T, R R AR R A 2
S ORI T, 0 30
TR (%) =0 FRAL A 75 B — AEIRAH VR AR/
Xif FRZH BRI V% 1A% X 100,

K 96 FL A I i 22 1 iF AT B A T Z Bt Foe
TR4 {) MIC {H I E",
127 E 78 £x Foc TR4 t970F 3 KW 4146 A
B 900 pL Foc TR4 i+ A& 7% # (10° CFU-mL™"),
T B 00 2% B M 100 L, i Ze vk B 15
pug-mL™', TR AE, B 20 uL In 2 M3 A, 18
TR 12 he LGS 100 uL B BERYF6L U R
X HR, A ERE A 3 R TE A TR AT
WY RGO, S 2 M KR T iy
AR, BRI AEA & o R-Ab 38T 200 T,
T R B Z X Foc TR4 #1715 & B3k %
128 ZEFE £t FocTR4 BB ENHh
B PDA [E{RBE 575, B 1 97 B R o0 = B ] (45 ~
60 °C)HF, 7EREFRIL P AR AT &K, i 205 Rk
JE4 15 pg'mL ", Foc TR4 R0 I3 . PDA
[l A FR 5L 1 IE R R K Y Foc TR4 X, K

3dJE, FEEE AT T HLIES.
2 GHRELSWH

2.1 E¥ HNMO301 i R EEEENE  #itk
HNMO301 754 X0 U5 S5 56 Hb o 4 A6 A 28 14 (F.
oxysporum f. sp. Cubense tropical race 4) F18L G A
Z£ 95 i (F. oxysporum f. sp. tracheiphlium ) ] 2%
ik 86%, G Y EHRAMAIVE L, X e R I e T
(B. cactivora) . T M B 5 (A. solani) . \NIR%E
B (Nectria ciord) WMHIZR 67% ~ T1%, ¥ KA
9795 B (Neoscytaldium dimidiatum ) . T% % PR
W (Ceratocystis paradoxa)Fl /)N 72 7% %5 % W& (F.
graminearum) WHIYEFABIR (R 1, 8 1),

F1 HEtk HNMO0301 SRR E A
Tab. 1 Antifungal activity of strain HNM0301

P L T FLIR T /Y%
Pathogenic fungi Antifungal rate
MIRFEE Nectria citri 67
UL G ASZEANTE F. oxysporum f. sp.
o 86
Tracheiphlium
TR RENNTE Alternaria solani 71
K e SR Bipolaris cactivora 71
kI 57N H Neoscytaldium dimidiatum —
B ISR Ceratocystis paradoxa —
INFEIRBIRTE F. graminearum —
FREMZEIRE F. oxysporum f. sp.cubense %6

tropical race 4

TE: “—" A MERCR

Note: “—" means no antifungal effect.

X B Control Ab P Treatment

B 1 E# HNMO0301 ERBEEREREENE
Fig. 1 Activity of strain HNM0301 against Foc TR4

2.2 E¥k HNMO0301 £ EFE  Fikk HNM0301
TE ISP2 [E ARG FR 5L KRR AF, FEN 2 MSE
W22 Rk o YRGS WI R P, BER [
MR IR A (K 2-A) . 220 ZA- R+
FRIDE LR IR 2540, 81 IS R IR TR 22 B 2, S
A FEFER AT (B 2-B) o

B R HNMO301 S H 41 Hr $2 s 4 4K 16S


https://www.ncbi.nlm.nih.gov

ZJRAE PRI R HNMO301 A3k R 20 70 0 B B pi & SR S s L S 8 973

B2 E#k HNM0301 EEFS(A) FEFLRSHE(B)
Fig. 2 Colony morphology (A) and spore hypha
morphological characteristics (B) of strain
HNMO0301

rRNA H:[HJFF1 K 1 525 bp, 16S IRNA R4k &
S5 R, Bk HNMO0301 5555 B A R %
9 RS Streptomyces sanyensis 219 820" SREEXE
[Fl— % (K 3) . HHEARG L BTWH—BHER, H
Fk HNMO301 F1 S. sanyensis 219 820" [ £ 5 1£ [7]
— 33, Wonth AR VIR R (K 4),
- S A% R — B (AND 4 775 1, Bk HNM
0301 5 S. sanyensis 219820" ] ANI -~ 96.83, K
T 95% ~ 96% [ F K V- I ; 1 DNA-DNA 7258
(dDDH)ME(E N 72.4, RIFEEH T 70% W
FERRENT(R 2) . BHIL, BT BARSE R, W
E HNMO0301 k= WA H B (S. sanyensis)

Streptomyces bikiniensis NRRL B-1049"(JNWL01000107)

Streptomyces viemamensis GIMV4.0001(DQ311081)
Streptomyces violaceorectus NBRC 13102'(AB184314)
Streptomyces nymphaeiformis SFBSAT(MH392705)
Streptomyces roseolus NBRC 12816%(AB184168)
Streptomyces tanashiensis LMG 202747(AJ781362)

NBRC 13064
Streptomyces laurentii ATCC 312557(AP017424)
Streptomyces tritici NEAU-A4T(KY744943)
HNMO0301
190 Streptomyces sanyensis 2198207(F1261968)
Streptomyces crystallinus NBRC 154017(AB184652)
Streptomyces melanogenes NBRC 128907(AB184222)
1001 Streptomyces noboritoensis NBRC 13065T(AB184287)
Streptomyces purpureus NBRC 139277(AB184547)
Streptomyces nitrosporeus NBRC 3362"(AB184751)
Streptomyces xantholiticus NBRC 133547(AB184349)
190 L Streptomyces peucetius JCM 99207(AB045887)
Streptomyces genisteinicus CRPI-337(MT509587)
100 L— Streptomyces zhihengii YIM T1027(KU936048)

Streptomyces lavendofoliae NBRC 128827(AB184217)

Streptomyces gobitricini NBRC 154197(AB184666)
61| | Streptomyces luridus NBRC 12793'(AB184150)
Streptomyces lavendulocolor NBRC 128817(AB184216)

Streptomyces roseolilacinus NBRC 12815"(AB184167)

YIM DR4008™(KX689228)
0.01

3 Ekk HNM0301 16S rRNA EFE R 5% F#
Fig.3 16S rRNA phylogenetic tree of strain HNM0301
2.3 HE#k HNMO0301 Fy=EE A5
2.3.1 E#k HNMO301 495 B 48 0 5 ROEBELE R
PR HNMO301 1) 56 PR 21 28 2k I ) | 228 R
PR30 T IR B GR 3) MR E (5] 5-A) .

&2 Btk HNM0301 5&HiE# > @/ ANI &
#1 dDDH &

Tab. 2 Values of ANI and dDDH between HNMO0301 and
its closest species

e bk HNMO0301
Type strain ANI dDDH
Streptomyces sanyensis JCM 18324 06.83 724

(BAABJV010000001)

S. zhihengii YIM T102 (JAFEJA010000003) 82.55 26.3
S. genisteinicus CRPJ-33 (CP060825) 82.54 26.3
S. xantholiticus JCM 4863 (BMWB01000001)  80.86 24.7
S. gobitricini JCM 5062 (BAAASR010000001) 80.16 23.9

S. lavendofoliae JCM 4391 (BMTP01000001)  80.08 23.7

S. purpureus KA281 (KB913030) 80.02 23.7
S. lavendulocolor JCM 4390

79.99 23.8
(BAAASF010000001)

S. bikiniensis NRRL ISP-5580 (JNXJ01000001) 79.92 23.9
S. roseolilacinus JCM 4335 (BMSV01000001)  79.81 23.7
S. vietnamensis GIM4.0001 (CP010407) 79.69 23.7

S. crystallinus JCM 5067 (BAAACA010000001) 79.55 23.3

S. roseolus JICM 4411 (BMTV01000001) 79.44 23.6
S. tanashiensis Kala (CP084204) 79.42 23.5
S. noboritoensis JICM 4557 7937 23.4

(JBHMQV010000001)

S. nymphaeiformis SFB5A (JACHJY010000001) 79.31 23.5
S. nitrosporeus ATCC 12769 (CP023702) 79.21 23
S. melanogenes JICM 4398 (BMTS01000001)  79.16 23.2
S. laurentii NPDC006966 (JBEYHT010000001) 79.15 23.2

S. peucetius NRRL WC-3 868 (JOCK01000001) 77.87 22.6

PR FR HNMO0301 JE[K 20 42K 6 635 340 bp, & A7
5 859 M Bt A K (CDS) . Ik HNMO0301
S HERIZH ) GenBank %5158 CP193716, 16S RNA
i) GenBank %55}y PV933158,

2.3.2  HEHk HNMO301 & K EARMA R A B T
MLR  #T antiSMASH Tl & Lk HNMO301
TAH 27T R A R . KRR
FE 3 A~ AE 2 AR K & A5 (nonribosomal peptide
synthetase, NRPS) % | 2 4~ 5 Jiff (polyketide sy-
nthases, PKSs)# | 54~ 24 & # | 54~ 25 (terp-
ene) . 2 MR ZE (melanin) . F NRPS i 542 2%,
A& (NRPS-independent-siderophore ) . IV EHifik
(lanthipeptide-class-1V) . 24 3t £ 2 li% (aminopoly-
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100

T

100

100

100

100]

93

100

5 E
3. et o
g8 £ 528 ¢
i v o O =
--- Streptomyces zhihengii YIM T1027 H H B
--- Streptomyces genisteinicus CRPJ-337 H E[C N .
—— Streptomyces sanyensis 219820! | | HEE =
oL HNMO301 EEEEE W
- Streptomyces xantholiticus NBRC 133547 HEH(HEE
--- Streptomyces vietnamensis GIMV4,0001" H B[N .
- Streptomyces tanashiensis LMG 202747 HE ECHE
Streptomyces nymphaeiformis SFBSAT | |
- Streptomyces bikiniensis NRRL B-10497 B nim B
Streptomyces roseolus NBRC 128167 N EH ENEE .
- Streptomyces laurentii ATCC 312557 H EOEE B
- Streptomyces purpureus NBRC 13927" HECOHEE B
- Streptomyces roseolilacinus NBRC 128157 [l I HE R
- Streptomyces lavendulocolor NBRC 128817 I HIml B |
- Streptomyces lavendofoliae NBRC 128827 W HEE N
-- Streptomyces gobitricini NBRC 15419" HEH EEEE
- Streptomyces noboritoensis NBRC 13065 1 [ [ N
- Streptomyces melanogenes NBRC 128907 H H D
Streptomyces crystallinus NBRC 154017 HE EDEEE In
- Streptomyces nitrosporeus NBRC 33627 | | DN
Streptomyces peucetius JCM 99207 H N .
Allostreptomyces | ilence YIM DR4008T [ Al =

4 Bk HNM0301 EERARF L BN
Fig. 4 Whole genome phylogenetic tree of strain HNM0301

&3 HEH HNM0301 E R A4S
Tab.3 Genome features of HNMO0301

FHE ESivanich

Feature Statistics
Ye (A fA K FF Chromosome size/bp 6 635 340
GC# & GC content/% 73.71
FE 1 R FE [H Protein-coding genes 5859
FER K Gene average length/bp 959.97
HA COGH: BRI B Genes assigned to COG 4297
HAKEGGHEPRAIFEHA Genes assigned to KEGG 1 243
HA GOHEREMFEH Genes assigned to GO 2137
FHERRNAKLH rRNA genes 18
FiZRNAEE A tRNA genes 64
TH/IRNAZER sSRNA genes 51

carboxylic-acid) . - (betalactone) . M 2E=FEEH
AK (lanthipeptide-class- 1T ) . 5| % (indole) . £& 4 ik
% (linaridin) . DU &0 %% BE (ectoine) . " N i (buty-
rolactone) %5 1 4™, DA S HABZE A 1 4~ (5% 4) . FEA
FERIARRLRE 3 pr W, 5 N JE RS O Nt g Y
HALE h 100%, 73 5l J2 Cluster 2, 12, 18, 22,
26, X ULHHTE#E HNMO0301 HA 77 A I G AR i
W) 7= N Fi b A & (venezuelin) . 2 4 2 (melanin) .
=24k it B(desferrioxamin B) . PO & M5 BE (ectoine) .
+ R &K (geosmin) (YHE ST . 3 MIEHK S C A
A9 J5E R 9% AR L KT 60%, 43 5] J& Cluster 3. 5,
16, XM, Btk HNMO0301 A 7= A A R
Yy 515 43 4 (isorenieratene ) . fA] 1A 4 (hopene) . &2
ffl 7% % (staurosporine) 5 # HAE LY 7 11 . 6
A15 SRR L5 C 8 I 0 35 PR A UM AR
T 60%, 4 /> J5 R 2 AR 1 R 7%, 3k 3R W T Pk
HNMO301 HA 7 A= — 253 1y R AR 7 Wy 2l 4
TR I,
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Jo A MR T HNMO301 4222 R 0 AT B HAr B SRR W iR e A s 2 e 975

[FERT-25nm anm (1007 2 000 pozmrTom E BF T975% w0 B
1750 ¢
2000 1500
- 1500 5 1250+
< 1000} < 1000}
& g 750}
500 500
250 ¢
0
A . . . . . . . . . . . . . B 0f, . . .
0 25 50 75 100 125 150 175 20.0 22.5 25.0 27.5 30.0 32.5 200 250 300 350

min

nm

B 5 EMfEZX HPLC Bif(A) MEMBERERIK 289 nm AL RYIE(B)
Fig. 5 Staurosporine HPLC chromatogram (A)and absorption peak of staurosporine at 289 nm (B)

Ll 358 43 B 45 S5 DR 78 Tt 7 vk G A 7 4 &
B, Cluster 16 T 19 48 55 7= -~ B 9 R 2= (stau-
rosporine), H 4 SCRRHGE, EAERE A Z bt
FCRTE P, PR, HED TR AR HNMO301 H41 7 #5
Hh e I P AT RER VR T A ) B A TR 2R B LA
YIagr= A . B Cluster 16 52k B Streptomyces sp.
TP-A0274 H staurosporine &5 il % [F 7% 317 L 4%,
S BPEFIRLEE A 93%, FLEFE HNMO0301 545 i
TR E AR 14 DN (K 6 Figk 5) . R4
Cluster 16 FHK T IFE F staR KL, (HES
AN S G . R, BT DL
S5, AW, B Ak HNMO301 (4t 5 B 1 o
YT e AR R LA -

NHMe
El6 &1 EREREN

Fig. 6 Compound 1 structure of staurosporine

24 EGENEYERER N TIESIE A
M4 3L, Xof B Bk INMO301 317 T & B kG 3%, 42 5
R AR SR i A2, IF )RR i . Sz ) A
RTINS o R R R RN F= L 7/ I W (!
HPLC 4§ ¢ [ 3% 56 3iF 400 B, I A6 A JH: g lfg 0
([ 5) . ZE Y hssskE@p A, 38 5 53 P g
%% Jiiii% (high resolution electrospray ionization mass
spectroscopy, HRESI-MS) & ¥z fb. & 1) 9 1 43+
BFE [M+H] m/z 467.1 455 "HNMR F1I°CNMR i
B> F5 CosHagN,O5 LAY 1 AR
AR T . 'H-NMR (500 MHz,CD;0D)dy: 6.97(1H
d, /=7.8 Hz, H-1), 7.30(1H, t, J/=7.4 Hz, H-2), 7.18

(1H, t, J=7.4 Hz, H-3), 9.16(1H, d, J=7.8 Hz, H-4),
4.51(1H, d, J=17.3 Hz, H-7a), 4.09(1H, d, J=17.3
Hz, H-7b), 7.62(1H, d, J=7.8 Hz, H-8), 7.32(1H, t,
J=7.4 Hz, H-9), 7.46(1H, t, J =7.8 Hz, H-10), 7.90
(1H,d,/=8.4Hz H-11),4.12(1H, brs,H-3'),3.86(1H,
m, H-4'), 3.12(1H, m, H-5'a), 2.61(1H, m, H-5'b),
6.16(1H, d, J=9.3 Hz, H-6'), 2.47(3H, s, 2'-CH;),
3.06(3H, m, 3'-OCH;), 2.75(3H, s, 4-NHCHj;); “C-
NMR (125 MHz, CD30D)é: 109.3(C-1), 126.2(C-
2),120.5(C-3), 127.1(C-4), 124.3(C-4a), 116.5(C-
4b), 119.9(C-4c), 175.0(C-5), 46.6(C-7), 133.5(C-
7a),115.5(C-7b),125.7(C-7¢),122.6(C-8),121.8(C-
9), 126.4(C-10), 113.3(C-11), 139.2(C-11a), 131.2
(C-12a), 127.4(C-12b), 137.4(C-13a), 94.0 (C-2'),
81.4(C-3"), 55.8(C-4"), 28.7(C-5"), 81.7(C-6"), 28.6
(2'-CH3), 60.3(3'-OCH3), 31.2(4'-NHCH;) . Lk I
a5 O A A S B AR R s — 20,
HALE Y | S5l e e Ak 5 1) AL 1
WRE 6.

25 EMBEEX Foc TR4 BIHIHIER &tk
W, RAERETR i 2 il il Foc TR4
W22 (& 7), MIC 2 1.56 pg-mL ™", T
BB A TR, 7EXT R4, Foc TR4 B £ )E
AR, FFZIEW, LEREFR 5L L SR AH [F]
J7 A FUER AR T E & A B = s &
AR R TR 22 W0 300 o T B B e, <t SLT AR
W22 TR e N R T AR A 4 (K] 8) .
AN, BARE R E R 15 pgrmL ! B, X} Foc
TR4 fF A A& 7™ A= Besm A /R (1 9), J
Fik 85.4%.

3 i i

TR B F AR TR oA i) 2 AR PR 6
Z—, FER I R R R A, T LA AR R R
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F 4 HH HNMO0301 TR EME R ER %
Tab.4 Predicted biosynthetic gene cluster of HNM0301
i 2570 (VA=Y AR R 1 DR 7 B (L
1D Type Position Most similar known BGC and similarity
JENRPSHRA R 3 4 " .
215 382 ~ 227 026 WIWHE P helin(25¢
! NRPS-independent-siderophore RILHA Peucechelin(25%)
2 IVAYEEHK lanthipeptide-class-1V 235 608 ~ 258 280 ZNEHIH K venezuelin(100%)
ZENRPS-NRPS-iifi 24 & i 12 , . .
392 445 ~ 468 881 SR tene(759
3 NRPS.like, NRPS, terpenc SHE4R M isorenieratene(75%)
. RN IR/ B2 A EB ~ D
N A -
4 ARZHRIR LG NRPS 497124~ 543 572 clipibicyclene/azabicyclene B-D(22%)
5 2 terpene 569 082 ~ 594 976 fA[E4% hopene(69% )
6 I AUZREA A1 TIPKS 955 184 ~ 1 004 505 FEIEFA ~ C foxicin A—C(12%)
7 11 2R A i T2PKS 113646 ~1269 167 Sch-47554/Sch-47555(21%)
8 FFLIRAR aminopolycarboxylic-acid 1330766 ~ 1 346 736 LRI 2. FR EDHA(33%)
7R Ak 2
9 #NR,PSW** %&WK 1432445 ~ 1 445 628 -
RPS-independent-siderophore
0 4 other 1820 060 ~ 1 861 973 A-503 083 A/A-503 083 B/A-503083 E/
A-503083 F(3%)
11 B-PIERZE betalactone 2198 156 ~ 2224 871 254 & A naphthomycin A(6%)
12 6% melanin 2293 489 ~ 2 300 967 MK melanin(100%)
13 I %Y =EF A% ik lanthipeptide-class- Il 2776 024 ~ 2 798 540 -
ZENRPS-NRPS-ZPKSZ+ A if % -
281 ~2 882442 FHRA~ A—C(13¢
14 NRPS.like, NRPS, PKS-like 819955 ~2 88 HREEA ~ C rimomycin A—C(13%)
transATHIPKS-NRPSZR 5 4% P HER38/39
244 144 ~ 3 320 51
I3 ansAT-PKS, NRPS 3 3320517 rgimiycin 38/39(51%)
16 5|42 indole 3947 666 ~ 3 971 034 B2 staurosporine(93%)
17 53S terpene 4344 692 ~ 4365 549 I BL7E 2 A2 bottromycin A2(24%)
JENRPSHH £k 2 A e . .
4404710 ~4 416 482 B desf B(1009
18 NRPS-independent-siderophore HRERB desferrioxamin B(100%)
19 i3S terpene 4506 981 ~ 4 524 545 -
ZENRPS-NRPS-ii§i 2« A 4% - .
4 648 053 ~ 4 695 032 K A 2R tin(8%
20 NRPS-like, NRPS, betalactone WA amicetin(8%)
21 2R Ik linaridin 4719 408 ~ 4 739 986 BEMRA I & streptozotocin(15%)
22 DU MEESE ectoine 5247 149 ~ 5 257 547 DU S HEIE ectoine(100%)
EE IE I LEMIIARD
23 FERUKEIVRREAHIBHIIN 5003975 5838810
LAP, thiopeptide, RRE-containing
24 i3 terpene 5853508 ~ 5 870 658 2 D1 NS ebelactone(5%)
25 TR EEZ butyrolactone 6133 180 ~ 6 144 139 PBERE X lactonamycin(3%)
26 2 terpene 6284 445 ~ 6 306 643 + R Z geosmin(100%)
27 H{4,2 melanin 6391 082 ~ 6 401 489 402 melanin(42%)

SRIGHEL A Y, SR N BE 25 b e k&9
0 36 10 FE B YR, ZTREARAE I RRR g v A 45,
NN E R = W v = Rt SRS 2
S G AR A W A R AR R AR, A

HA W

LR RN TR 6o YA U PN 7/ LIS AR X
N3 B AE YU B A0 A T T 1 A A
PR BEAE PR 2 AT I B AR JE U 2L
R SRR AP X ZTAR R T SRR B S R 0 12 1
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% 5 HNMO0301 B Cluster 16 5 staurosporine & i & E #% Lt Xt

Tab. 5 Synthetic gene cluster alignment of Cluster 16 and staurosporine

SEHID HAEREL Rl AL D HAEMAL [Fl 5 PR — B/ %

Gene ID Number of amino acids Similar gene ID Number of amino acids Ortholog identity
ctgl 3466 545 staC 535 87
ctgl 3467 281 staMB 280 87
ctgl_3468 208 staE 206 93
ctgl_3469 369 stal 369 91
ctgl_3470 331 stakK 328 84
ctgl_3471 477 stal 472 85
ctgl 3472 277 staMA 276 76
ctgl 3473 422 staP 417 77
ctgl_3474 1122 staD 1096 76
ctgl 3475 504 staO 503 88
ctgl_3476 436 staG 446 88
ctgl 3477 414 staN 394 87
ctgl 3478 350 staA 354 92
ctgl 3479 350 staB 334 85

— — staR 943 —
TE: BRI
Note: “—” means deletion of the gene.
*f ﬂControl Qb ¥ Treatment : . O .
S = *“"-;‘ =x ‘r e Eahol g o !
3 i - g 0 Qd gl (
______ - % 20";Lm :m_ il o 20um
X1 Control Qb P Treatment

aan

7 BEWEERAETHR LI Foc TR FIHIHIZE
Fig. 7 Inhibitory effect of staurosporine on Foc TR4

z 20 pm gy
Xl Control QbR Treatment
8 EMEZREM Foc TR4 E£H SEM
Fig. 8 SEM image of Foc TR4 hyphae treated with
staurosporine

T 1 BEXT Foc TR4 A K 4Pl 8505 1 il 2% 1
& HNMO0301; 38 i X HEE FRERE | 16S rRNA FE[H
75 B2 L 2 51 437, B B fR HNMO0301

B9 EMEEIT Foc TR4 TFHIHNHIER
Fig. 9 Inhibition of Foc TR4 spores by staurosporine

YT N =W BERE TR (S, sanyensis ), 123 AU Foc
TR4 52 I PU TR 1, 3 X L Athg J5t 0 TR 2 AT 411
HIVE R, 2R B, A i s B AT
TEHUAE PR I BT M, B TF RIS R
A= B R FHBTAE RV T -
BRI H) A L 2R Y I R = ZL R AR
R BB 1 AR ELAT 0 I8 T 1 1) Y T T R R
RAB PR M = T BE 55 T FMA TR R 1Y A
Yoy B3 T EA 0 IRE 15 R R |
Ak 5 W) streptocarbazoles A il B2, 2= 3R]
PRATZH A = WA R T FMA H DA 7 B 1 ng [ i e
FACE W EY & LR, IF B £E K 5 ik
B4 (S. coelicolor) M1152 T IR RIRNFAT T 145
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BT 2R TE Y — 3 i I R e 2 Ak S 4
Cartuche 557 PG LA [ 2L AR 5329 2] — 4%
B, IE A B BAAE R, R AL e iE
1 T SRR P P A T % 2 A A B
BARTE < E7 e R R

A o 5 PR ZH 0 3R AS T LR MR TR Y
=P HERE B HNMO301 Y5 K 20 52 1P, DA
T 1A REER SRR 93% 1
JE R (Cluster 16), JF fie 238 4 % 7 (3% T BL oy
BRI T AR R RIAREY, - RAESE T
BB AR LD ARIREE )32 041, Ty HL 2 sl
W RIS AL A5 0 2 LR TR

i ST A 220 T T M 2 P R B TR AR
R A B 220 A B TR A 1 2D R . TR I T
R 7 A BT PR AR S 2 B 5 2B B AR AL R 1Y)
P YR, Chen 508 PUIE 4% 75 1 (S. yongxin-
gensis) 2 ~ 11, Bt H BB B 2] TG WETE
% C, Xf Foc TR4 R I B 50k, IFi@ i i
Foc TR4 — 3R PR AE PR & Bl il 7% , 385 WAL A 1) 93
P, SET P BCE A ZE RS T B, Chen S5
IEFEHERR T 2 ~ 6 ' I T X Foc TR4 HA
il 3% 7 B9 4k A ¥ fluvirucin B6, i 3 401 i Foc
TR4 475 = i ARIHR R R HEDUREH . BRI
3R T H R A py 4 e i M I g A E DR e
AW T2 272 FAIL I 9 2, (H 4R
SR T R 1, R R DA e R L B PR H R
RN M) Iz M E, Park S5 MBI ITAR
Y 43 B 0 B A B8 RS TR (S, roseoflavus) T 15 3]
BT R, WS R R R 0 R R
(Phytophthora capsici) . 3. 4 22 ¥ & (Rhizoctonia
solani) . & JN B JH W (Colletotrichum orbiculare) .
K 75 7 (Botrytis cinerea) . 5 JI\ 2 B 9% 1 (Clado-
sporium cucumerinum) . 77 J\ £ 595 B (Didymella
bryoniae) . T ik 25 9% W& (Fusarium oxysporum f.
sp. lycopersici) L& s W R (Xanthomonas
campestris ) A B AIANHIROCR, RV HAEAEY) A
AT B 118 77 42 s A Jd s B R A R RV 0. AR
s & PR M R XF Foc TR4 T 224 K A4
il & AR R B R A I I RCR, I 52X Foe
TR4 W . A2, RV AL R ZN 1)
Biiih b R i R s, (BRI TE A 1F
25

4 & it

=A

AHIF SRR R T L0 AR TR B HNMO0301 %5
€N Streptomyces sanyensis, S5 IR EMZER
T I T B R AR o B AR R, R0 TR R RS
FI4 Foc TR4 1911 &, Jf- X} Foc TR4 T 22 7 3
WA, R — WA LT 2 i i A 7 R A

S 3Lk

[1] Zhang W L, Bai T T, Jamil A, et al. The interaction
between fusarium oxysporum f. sp. cubense tropical race
4 and soil properties in banana plantations in Southwest
Chinal[J]. Plant and Soil, 2024, 505(1/2): 779—793. https:/
/doi.org/10.1007/s11104-024-06709-4
(2] #hes, R4, BRR 2, 5. T RIVEEIIMZER N RTE
IR A MR B B2 e O] v [ R SR,
2024,53(6):138—142.https://doi.org/10.13938/j.issn.1007-
1431.20230543
(3] A, B, X8/, 55, K REF RS IR I AL
Ykl By 15 A S 2 TS (1], AW 147, 2014, 40(6):
36—41. https://doi.org/10.3969/j.issn.0529-1542.2014.06.
007
(4] RITSL, AL, AR T, 55, A AR Al T TE HAEHL
K Bow & FOE T R (0], ) AR A B2, 2020,
47(11): 32—41. https://doi.org/10.16768/j.issn.1004-874X.
2020.11.004
(5] SRUbE, R, B R, 55, F AR Z R S a DY
R I, E R A fr R, 2024, 54(10): 1843—
1852. https://doi.org/10.1360/SSV-2023-0283
6] Hk, AN Er, XIedE, & FAEMATRE RIS+ E 0
TR 0 0 S LB 3% (30 PRALARARBI R 2254k (B4R
Bl RR), 2024, 52(6): 95-105. https:/doi.org/10.13207/j.
cnki.jnwafu.2024.06.010
(7] s &, Znis, T2, 45 ANEVEY S/ AR AIELR B )
PERGZE SBR[, PRI, 2022, 37(6): 21-26.
https://doi.org/10.3969/j.issn.1003-4374.2022.06.006
[8] Ramakrishnan S, Sreenivas S S. Biological control of
soil-borne fungal and root-knot nematode disease com-
plex in FCV tobacco nursery[J]. Journal of Biological
Control, 2015, 29(4): 203—-206. https://doi.org/10.18641/
jbc/29/4/86887
(9] VRHudy, W AWt 4L, 45 BB S MO SHEE
Bijif Z AR5 2 (1], AR WIH R TE 4R, 2024, 40(6): 57-67.
https://doi.org/10.13560/j.cnki.biotech.bull.1985.2023-
1222
(107 BB fR, e, #RHEAE, 5. — kB VA o AL 220 1 J
AT e A AR TR ARV (0], A TR
2748, 2024, 40(1): 211-225. https:/doi.org/10.13345/;.
¢jb.230170
[11] A, AR WERG, KM, 55, Bacillus rugosus X 75 & Ak
ZIR I B 6 S AR AR [I/OL]. 4y FHa & Ff, 2023:
1-19[2025-02-27]. https:/link.cnki.net/urlid/46.1068.s.


https://doi.org/10.1007/s11104-024-06709-4
https://doi.org/10.1007/s11104-024-06709-4
https://doi.org/10.1007/s11104-024-06709-4
https://doi.org/10.1007/s11104-024-06709-4
https://doi.org/10.1007/s11104-024-06709-4
https://doi.org/10.1007/s11104-024-06709-4
https://doi.org/10.1007/s11104-024-06709-4
https://doi.org/10.1007/s11104-024-06709-4
https://doi.org/10.1007/s11104-024-06709-4
https://doi.org/10.1007/s11104-024-06709-4
https://doi.org/10.13938/j.issn.1007-1431.20230543
https://doi.org/10.13938/j.issn.1007-1431.20230543
https://doi.org/10.13938/j.issn.1007-1431.20230543
https://doi.org/10.13938/j.issn.1007-1431.20230543
https://doi.org/10.13938/j.issn.1007-1431.20230543
https://doi.org/10.3969/j.issn.0529-1542.2014.06.007
https://doi.org/10.3969/j.issn.0529-1542.2014.06.007
https://doi.org/10.3969/j.issn.0529-1542.2014.06.007
https://doi.org/10.3969/j.issn.0529-1542.2014.06.007
https://doi.org/10.3969/j.issn.0529-1542.2014.06.007
https://doi.org/10.3969/j.issn.0529-1542.2014.06.007
https://doi.org/10.16768/j.issn.1004-874X.2020.11.004
https://doi.org/10.16768/j.issn.1004-874X.2020.11.004
https://doi.org/10.16768/j.issn.1004-874X.2020.11.004
https://doi.org/10.16768/j.issn.1004-874X.2020.11.004
https://doi.org/10.16768/j.issn.1004-874X.2020.11.004
https://doi.org/10.16768/j.issn.1004-874X.2020.11.004
https://doi.org/10.1360/SSV-2023-0283
https://doi.org/10.1360/SSV-2023-0283
https://doi.org/10.1360/SSV-2023-0283
https://doi.org/10.1360/SSV-2023-0283
https://doi.org/10.1360/SSV-2023-0283
https://doi.org/10.1360/SSV-2023-0283
https://doi.org/10.1360/SSV-2023-0283
https://doi.org/10.1360/SSV-2023-0283
https://doi.org/10.1360/SSV-2023-0283
https://doi.org/10.13207/j.cnki.jnwafu.2024.06.010
https://doi.org/10.13207/j.cnki.jnwafu.2024.06.010
https://doi.org/10.13207/j.cnki.jnwafu.2024.06.010
https://doi.org/10.13207/j.cnki.jnwafu.2024.06.010
https://doi.org/10.13207/j.cnki.jnwafu.2024.06.010
https://doi.org/10.13207/j.cnki.jnwafu.2024.06.010
https://doi.org/10.13207/j.cnki.jnwafu.2024.06.010
https://doi.org/10.13207/j.cnki.jnwafu.2024.06.010
https://doi.org/10.13207/j.cnki.jnwafu.2024.06.010
https://doi.org/10.3969/j.issn.1003-4374.2022.06.006
https://doi.org/10.3969/j.issn.1003-4374.2022.06.006
https://doi.org/10.3969/j.issn.1003-4374.2022.06.006
https://doi.org/10.3969/j.issn.1003-4374.2022.06.006
https://doi.org/10.18641/jbc/29/4/86887
https://doi.org/10.18641/jbc/29/4/86887
https://doi.org/10.18641/jbc/29/4/86887
https://doi.org/10.18641/jbc/29/4/86887
https://doi.org/10.18641/jbc/29/4/86887
https://doi.org/10.13560/j.cnki.biotech.bull.1985.2023-1222
https://doi.org/10.13560/j.cnki.biotech.bull.1985.2023-1222
https://doi.org/10.13560/j.cnki.biotech.bull.1985.2023-1222
https://doi.org/10.13560/j.cnki.biotech.bull.1985.2023-1222
https://doi.org/10.13345/j.cjb.230170
https://doi.org/10.13345/j.cjb.230170
https://doi.org/10.13345/j.cjb.230170
https://doi.org/10.13345/j.cjb.230170
https://doi.org/10.13345/j.cjb.230170
https://link.cnki.net/urlid/46.1068.s.20231025.1308.006.

He ZJRAE PRI R HNMO301 A3k R 20 70 0 B B pi & SR S s L S 8 979

20231025.1308.006.

(12] silde, 2200, F 410, %5 RIBHERLR TF78 X 7 44
i 2 95 147 T 1] 75 580 B AR B - S A= M A 2 o [0 sk
A W2 4, 2022, 49(9): 3693-3708. https://doi.org/
10.13344/j.microbiol.china.220095

(13) RF w0, BAELH, SLAAK, 2. SRBH B TR RS 2 I A
TEAF G ZE I By 16 B 0 ] ARl 6 1 5 B g 27
e, 2025, 42(1): 206-217. https://doi.org/10.13254/;.
jare.2023.0339

(14] RN, FBFIR, P &5, 25 7¢ Z04A s dE R T8 GDI1-
117388 S5 KOnh A FEAL 2 A Bl s g LU AR R
b K 2 2 4R, 2025, 46(1): 72-80. https://doi.org/10.
7671/j.issn.1001-411X.202404043

[15] Chen Y F, Li X J, Zhou D B, et al. Streptomyces-
secreted fluvirucin B6 as a potential bio-fungicide for
managing banana Fusarium wilt and mycotoxins and
modulating the soil microbial community structure[J].
Journal of Agricultural and Food Chemistry, 2024,
72(32): 17890—17902. https://doi.org/10.1021/acs.jafc.
4c04077

[16] Si said Z B O, Haddadi-guemghar H, Boulekbache-
makhlouf L, et al. Essential oils composition, antibac-
terial and antioxidant activities of hydrodistillated ex-
tract of Eucalyptus globulus fruits[J]. Industrial Crops
and Products, 2016, 89: 167-175. https://doi.org/10.
1016/j.indcrop.2016.05.018

[17] Thompson C C, Chimetto L, Edwards R A, et al. Micro-
bial genomic taxonomy[J]. BMC Genomics, 2013, 14:
913. https://doi.org/10.1186/1471-2164-14-913

[18] Park HJ, Lee J Y, Hwang I S, et al. Isolation and anti-
fungal and antioomycete activities of Staurosporine from
Streptomyces roseoflavus strain LS-A24[J]. Journal of
Agricultural and Food Chemistry, 2006, 54(8):
3041-3046. https://doi.org/10.1021/jf0532617

[19] Omura S, Iwai Y, Hirano A, et al. A new alkaloid AM-
2282 of Streptomyces origin taxonomy, fermentation,
isolation and preliminary characterization[J]. The Journ-
al of Antibiotics, 1977, 30(4): 275-282. https://doi.org/
10.7164/antibiotics.30.275

[20] Zou N X, Zhou D B, Chen Y L, et al. A novel anti-
fungal actinomycete Streptomyces sp. strain H3-2 effect-
ively controls banana Fusarium wilt[J]. Frontiers in Mi-
crobiology, 2021, 12: 706647. https://doi.org/10.3389/

fmicb.2021.706647

(217 PEZE. LIRS H R AR T e ot e 0] s
Wy, 2013, 53(11): 1131-1141.

(22] Bk, s A5 A, REHE, 5. — BRELAARGE R 3 P 1
WSS W53 B S A )6 IR R A R AT 5 ).
rrE SR E 2Rk, 2021, 46(12): 1090—1101. https://doi.
0rg/10.3969/1.issn.1001-8689.2021.12.004

(23] TRIR SR, i, S5, 4. — R MOR TRk T i Bt
R PR B L] TRIIR 24224l (BT RR), 2024, 41(3):
358-366. https://doi.org/10.3724/SP.J.1249.2024.03358

[24] Sui J L, Xu X X, Qu Z, et al. Streptomyces sanyensis sp.
nov. , isolated from mangrove sediment[J]. International
Journal of Systematic and Evolutionary Microbiology,
2011, 61(7): 1632—1637. https://doi.org/10.1099/ijs.0.
023515-0

[25] Fu P, Yang C L, Wang Y, et al. Streptocarbazoles A and
B, two novel indolocarbazoles from the marine-derived
actinomycete strain Streptomyces sp. FMA[J]. Organic
Letters, 2012, 14(9): 2422-2425. https://doi.org/10.1021/
013008638

[26] LiT,DuY Y, Cui Q, et al. Cloning, characterization and
heterologous expression of the indolocarbazole biosyn-
thetic gene cluster from marine-derived Streptomyces
sanyensis FMA[J]. Marine Drugs, 2013, 11(2): 466—488.
https://doi.org/10.3390/md 11020466

[27] Cartuche L, Reyes-batlle M, Sifaoui I, et al. Anti-
amoebic activities of indolocarbazole metabolites isol-
ated from Streptomyces sanyensis cultures[J]. Marine
Drugs, 2019, 17(10): 588. https://doi.org/10.3390/
md17100588

[28] Chen Y F, Wei Y Z, Cai B Y, et al. Discovery of Niphi-
mycin C from Streptomyces yongxingensis sp. nov. as a
promising agrochemical fungicide for controlling ba-
nana Fusarium wilt by destroying the mitochondrial
structure and function[J]. Journal of Agricultural and
Food Chemistry, 2022, 70(40): 12784—12795. https:/
doi.org/10.1021/acs.jafc.2c02810

[29] Ren Z, Li Q, Shen Y W, et al. Intrinsic relative prefer-
ence profile of pan-kinase inhibitor drug staurosporine
towards the clinically occurring gatekeeper mutations in
Protein Tyrosine Kinases[J]. Computational Biology and
Chemistry, 2021, 94: 107562. https://doi.org/10.1016/j.
compbiolchem.2021.107562


https://link.cnki.net/urlid/46.1068.s.20231025.1308.006.
https://doi.org/10.13344/j.microbiol.china.220095
https://doi.org/10.13344/j.microbiol.china.220095
https://doi.org/10.13344/j.microbiol.china.220095
https://doi.org/10.13344/j.microbiol.china.220095
https://doi.org/10.13344/j.microbiol.china.220095
https://doi.org/10.13254/j.jare.2023.0339
https://doi.org/10.13254/j.jare.2023.0339
https://doi.org/10.13254/j.jare.2023.0339
https://doi.org/10.13254/j.jare.2023.0339
https://doi.org/10.13254/j.jare.2023.0339
https://doi.org/10.7671/j.issn.1001-411X.202404043
https://doi.org/10.7671/j.issn.1001-411X.202404043
https://doi.org/10.7671/j.issn.1001-411X.202404043
https://doi.org/10.7671/j.issn.1001-411X.202404043
https://doi.org/10.7671/j.issn.1001-411X.202404043
https://doi.org/10.7671/j.issn.1001-411X.202404043
https://doi.org/10.7671/j.issn.1001-411X.202404043
https://doi.org/10.1021/acs.jafc.4c04077
https://doi.org/10.1021/acs.jafc.4c04077
https://doi.org/10.1021/acs.jafc.4c04077
https://doi.org/10.1021/acs.jafc.4c04077
https://doi.org/10.1016/j.indcrop.2016.05.018
https://doi.org/10.1016/j.indcrop.2016.05.018
https://doi.org/10.1016/j.indcrop.2016.05.018
https://doi.org/10.1016/j.indcrop.2016.05.018
https://doi.org/10.1016/j.indcrop.2016.05.018
https://doi.org/10.1186/1471-2164-14-913
https://doi.org/10.1186/1471-2164-14-913
https://doi.org/10.1186/1471-2164-14-913
https://doi.org/10.1186/1471-2164-14-913
https://doi.org/10.1186/1471-2164-14-913
https://doi.org/10.1186/1471-2164-14-913
https://doi.org/10.1186/1471-2164-14-913
https://doi.org/10.1186/1471-2164-14-913
https://doi.org/10.1186/1471-2164-14-913
https://doi.org/10.1021/jf0532617
https://doi.org/10.1021/jf0532617
https://doi.org/10.1021/jf0532617
https://doi.org/10.1021/jf0532617
https://doi.org/10.7164/antibiotics.30.275
https://doi.org/10.7164/antibiotics.30.275
https://doi.org/10.7164/antibiotics.30.275
https://doi.org/10.7164/antibiotics.30.275
https://doi.org/10.7164/antibiotics.30.275
https://doi.org/10.7164/antibiotics.30.275
https://doi.org/10.3389/fmicb.2021.706647
https://doi.org/10.3389/fmicb.2021.706647
https://doi.org/10.3389/fmicb.2021.706647
https://doi.org/10.3389/fmicb.2021.706647
https://doi.org/10.3389/fmicb.2021.706647
https://doi.org/10.3389/fmicb.2021.706647
https://doi.org/10.3969/j.issn.1001-8689.2021.12.004
https://doi.org/10.3969/j.issn.1001-8689.2021.12.004
https://doi.org/10.3969/j.issn.1001-8689.2021.12.004
https://doi.org/10.3969/j.issn.1001-8689.2021.12.004
https://doi.org/10.3969/j.issn.1001-8689.2021.12.004
https://doi.org/10.3969/j.issn.1001-8689.2021.12.004
https://doi.org/10.3724/SP.J.1249.2024.03358
https://doi.org/10.3724/SP.J.1249.2024.03358
https://doi.org/10.3724/SP.J.1249.2024.03358
https://doi.org/10.3724/SP.J.1249.2024.03358
https://doi.org/10.3724/SP.J.1249.2024.03358
https://doi.org/10.3724/SP.J.1249.2024.03358
https://doi.org/10.3724/SP.J.1249.2024.03358
https://doi.org/10.1099/ijs.0.023515-0
https://doi.org/10.1099/ijs.0.023515-0
https://doi.org/10.1099/ijs.0.023515-0
https://doi.org/10.1099/ijs.0.023515-0
https://doi.org/10.1099/ijs.0.023515-0
https://doi.org/10.1099/ijs.0.023515-0
https://doi.org/10.1099/ijs.0.023515-0
https://doi.org/10.1021/ol3008638
https://doi.org/10.1021/ol3008638
https://doi.org/10.1021/ol3008638
https://doi.org/10.1021/ol3008638
https://doi.org/10.1021/ol3008638
https://doi.org/10.3390/md11020466
https://doi.org/10.3390/md11020466
https://doi.org/10.3390/md17100588
https://doi.org/10.3390/md17100588
https://doi.org/10.3390/md17100588
https://doi.org/10.3390/md17100588
https://doi.org/10.3390/md17100588
https://doi.org/10.1021/acs.jafc.2c02810
https://doi.org/10.1021/acs.jafc.2c02810
https://doi.org/10.1021/acs.jafc.2c02810
https://doi.org/10.1021/acs.jafc.2c02810
https://doi.org/10.1021/acs.jafc.2c02810
https://doi.org/10.1016/j.compbiolchem.2021.107562
https://doi.org/10.1016/j.compbiolchem.2021.107562
https://doi.org/10.1016/j.compbiolchem.2021.107562
https://doi.org/10.1016/j.compbiolchem.2021.107562
https://doi.org/10.1016/j.compbiolchem.2021.107562

980 M EWZFIR ( F3ESC ) J Trop. Biol. 2026 4F

Whole-genome sequencing of marine Streptomyces
HNMO0301 and identification of active compounds against

Fusarium oxysporum {. sp. cubense tropical race 4

Li Yu"”, Yang Yuxin’, Lin Yongrui’, Xia Dan‘, Mei Wenli’,

Dai Haofu?>, Huang Xiaolong', Wang Pei**’

(1. School of Life and Health Sciences, Hainan University, Haikou, Hainan 570228, China; 2. Institute of Tropical Bioscience and
Biotechnology, Chinese Academy of Tropical Agricultural Sciences, Haikou, Hainan 571101, China; 3. State Ethnic Affairs
CommissionKey Laboratory of Chemistry and Engineering of Forest Products/Engineering Research Center of Low-carbon and
High-quality Utilization of Forest Biomass, University of Guangxi/School of Chemistry and Chemical Engineering, Guangxi
Minzu University, Nanning, Guangxi 530006, China; 4. School of Ecology, Hainan University, Haikou, Hainan 570228, China)

Abstract: In order to screen out marine actinomycetes and natural products that can effectively control Fusarium oxysporum f. sp.
cubense tropical race 4 (Foc TR4), a marine actinomycete strain HNM0301 isolated from a mangrove and exhibiting anti-Foc
TR4 activity was identified taxonomically at a species level through whole-genome sequence analysis. The antiSMASH v6.0
online software was used to predict the biosynthetic gene clusters of secondary metabolites encoded by this strain. Moreover,
modern separation and identification techniques for natural products were applied to isolate and elucidate the structures of the
active ingredients against Foc TR4. The results demonstrated that the strain HNMO0301 was identified as Streptomyces sanyensis.
Its genome has a total length of 6,635,340 base pairs (bp) and contains 5,859 protein-coding genes (CDS). Among the protein-
coding genes, 2,137, 1,243, and 4,297 CDS were functionally annotated in the Gene Ontology (GO), Kyoto Encyclopedia of
Genes and Genomes (KEGG), and Clusters of Orthologous Groups (COG) databases, respectively. A total of 27 biosynthetic gene
clusters of secondary metabolites were predicted within the genome, with Cluster 16 containing 14 genes involved in the
biosynthesis of staurosporine. A staurosporine monomer compound was successfully isolated from the fermentation broth of the
strain HNMO0301. The minimum inhibitory concentration (MIC) of this compound against Foc TR4 was determined to be 1.56
pg-mL™". This compound exhibited an 85.4% inhibition rate of Foc TR4 conidial germination and also induced swelling and
malformation of Foc TR4 mycelia. Evidently, the strain HNMO0301 holds certain potentials for development and application in the
control of Foc TR4.

Keywords: marine streptomyces; genome wide; Foc TR4; Staurosporine
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